PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
worlu IWICL "£ temaliona i Bureau 




nmT ... T.-nnH PUBLISHED UNDER THE PATENT COOPERATION TREATY (P£^ 



(51) InternaUonal Patent Classification ° 

G01N 27/00, 27/26, 15/06, 33/53, C12Q 
1/68. C07H 21/04 



Al 



(11) InternaUonal Publication Number: WO 98/08082 

(43) InternaUonal Publication Date: 26 February 1998 (26.02.98) 



(21) International Application Number: PC17US97/ 13996 

(22) international Filing Date: 7 August 1997 (07.08.97) 



(30) Priority Data: 

08/699,757 



20 August 1996 (20.08.96) US 



(11) Applicant (for all designated Stales except US): MOTOROLA 
(71) Appnca pU^. 13()3 ^ Algonquin Road. Schaumburg. IL 

60196 (US). 

rUS/US] 6739 East Bar Z Lane, Paradise Valley, AZ 
85253 (US). ACKLEY, Donald, E. [US/US); 2033 Camp- 
bridge Avenue, Cardiss, CA 92007 (US). 

(74) Aaents: TOLER, Jeffrey, G. et al.; Motorola Inc., Intellectual 
Property Dept., 1303 East Algonquin Road, Schaumburg, IL 
60196 (US). 



(81) Designated States: AL, AM, AT, AU. AZ BA BB, 

GH. HU, IL, IS. JP, KE, KG, KP, KR, KZ, LC, 
LS LT LU, LV, MD, MG, MK, MN, MW. MX, 

pl pt. ro, ru. SD, se, sg, si. sk, tj, tm 

UA, UG, US, UZ, VN, YU, ARIPO patent (GH 
MW SD, SZ, UG. ZW), European patent (AT, 
DE DK, ES, FI. FR. GB, GR, IE, IT, LU, MC, 
SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, 
MR, NE, SN, TD, TG). 



Published 

With international search report. 



BG, BR, 
GB, GE, 
LK, LR, 
NO, NZ. 
:, TR, TT, 
[, KE, LS, 
BE CH. 
, NL, PT, 
GN, ML, 




(57) Abstract 

Binding of a molecule (24) to a molecular 
receptor (22) is sensed using a transistor (10) 
having a gate (14) located at a binding site. 
The channel (20) conductance of the transistor 
(10) is modified by a charge associated with the 
molecule (24) when the molecule (24) binds with 
the molecular receptor (22). A modified electrical 
characteristic of the transistor (10) which resulte is 
sensed to sense the binding event. Electric field 
enhancement is provided by applying a voltage 
to the gate (14). A second sensing transistor 
can be coupled to the sensing transistor to form 
a differential pair. The differential pair allows 
for enhancing and sensing of differential binding 
events. 




yOLECUlE \-24 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT, 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GB 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


DB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 
UA 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


Ukraine 


BR 


Broil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Centra] African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


ci 


Cdte d'lvoirc 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






se 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/08082 



1 



PCT/US97/13996 " 



5 TRANSISTOR -BASED APPARATUS AND METHOD FOR 

MOLECULAR DETECTION AND FIELD ENHANCEMENT 

Field of the Invention 

10 The present invention relates to molecular 

detection devices . 

Background of the Invention 

15 An increased effort has been directed toward 

the development of chips for molecular detection. 
In general, a molecular detection chip includes a 
substrate on which an array of binding sites is 
arranged. Each binding site (or hybridization 

20 site) has a respective molecular receptor which 

binds or hybridizes with a molecule having a 
predetermined structure. A sample solution is 
applied to the molecular detection chip, and 
molecules in the sample bind or hybridize at one or 

25 more of the binding sites. The particular binding 

sites at which hybridization occurs are detected, 
and one or more molecular structures within the 
sample are subsequently deduced. 

Of great interest are molecular detection 

30 chips for gene sequencing. These chips, often 

referred to as DNA chips, utilize an array of 
selective binding sites each having respective 
single-stranded DNA probes. A sample of single- 
stranded DNA fragments, referred to as target DNA , 

35 is applied to the DNA chip. The DNA fragments 

attach to one or more of the DNA probes by a 
hybridization process. By detecting which DNA 
probes have a DNA fragment hybridized thereto, a 
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5 sequence of nucleotide bases within the DNA 

fragment can be determined. 

To hasten the hybridization process, a local 
concentration of target DNA can be increased at 
predetermined sites using electric field 

10 enhancements. Here, each site has an electrode 

associated therewith for selectively generating an 
electric field thereby. The electric field is 
generated by applying an electric potential between 
an electrode at the site and a counter electrode at 

15 a peripheral portion of the chip. To attract DNA 

fragments to the site, the polarity of the electric 
potential is selected to generate an electric field 
having a polarity opposite to the charge of the DNA 
fragments. To dehybridize the site, an electric 

20 field having the same polarity as the DNA fragments 

can be generated to repel the DNA fragments from 
the site. 

Various approaches have been utilized to 
detect a hybridization event at a binding site. In 
25 one approach, a radioactive marker is attached to 

each of a plurality of molecules in the sample. 
The binding of a molecule to a molecular receptor 
is then detectable by detecting the radioactive 
marker . 

30 Other approaches for detection utilize 

fluorescent labels, such as fluorophores which 
selectively illuminate when hybridization occurs. 
These fluorophores are illuminated by a pump light 
source external to the substrate. An external 

35 charge -coupled device (CCD) camera is utilized to 

detect fluorescence from the illuminated 
fluorophores . 



Brief Description of the Drawings 
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The invention is pointed out with 
particularity in the appended claims. However, 
other features of the invention will become more 
apparent and the invention will be best understood 
by referring to the following detailed description 
in conjunction with the accompanying drawings in 
which: 

FIG. 1 is a block diagram of an embodiment of 
a molecular detection apparatus in accordance with 
the present invention; 

FIG. 2 is a flow chart of an embodiment of a 
method of sensing a binding of a molecule to a 
molecular receptor in a molecular detection 
apparatus ; 

FIG. 3 is a flow chart of an embodiment of a 
method of sensing a modified electrical 
characteristic of the transistor; 

FIG, 4 is a flow chart of another embodiment 
of a method of sensing a modified electrical 
characteristic of the transistor; 

FIG. 5 is a schematic, block diagram of 
another embodiment of a molecular detection 
apparatus in accordance with the present invention; 

FIG. 6 is a schematic, block diagram of yet 
another embodiment of a molecular detection 
apparatus; 

FIG. 7 is a schematic, block diagram of a 
further embodiment of a molecular detection 
apparatus in accordance with the present invention ; 

FIG. 8 is a schematic, block diagram of a 
still further embodiment of the present invention; 
and 
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10 



FIG. 9 is a flow chart summarizing steps 
performed for enhancing and sensing a differential 
binding event. 

Detailed Description of a Preferred Embodiment 



Embodiments of the present invention 
advantageously provide a molecular detection 
apparatus which detects the binding or 
hybridization of a molecule to a molecular receptor 

15 by sensing a charge associated with the molecule. 

A preferred embodiment utilizes a transistor having 
a gate which is situated at a binding site. The 
transistor is utilized both to detect binding 
events and to control hybridization and 

20 dehybridization at the binding site. A 

differential pair comprised of the transistor and a 
second transistor can be utilized for differential 
hybridization sensing. The differential pair is 
advantageous in eliminating a need for a counter 

25 electrode. 

FIG. 1 is a block diagram of an embodiment of 
a molecular detection apparatus 10 in accordance 
with the present invention. The molecular 
detection apparatus 10 includes a transistor 12 
30 having a gate 14, a source 16, and a drain 18. The 

transistor 12 has a semiconductive channel 20 which 
electrically couples the source 16 to the drain 18. 
A conductance between the source 16 and the drain 
18 is dependent upon a voltage or a charge applied 
35 to the gate 14. 

The transistor 12 can be formed using various 
known technologies. Preferably, the transistor 12 
is comprised of a thin-film transistor (TFT) or a 
field-effect transistor (FET) such as a metal-oxide 
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semiconductor FET (MOSFET) . In these cases, the 
semiconductive channel can be formed by a thin- film 
semiconductive layer or by bulk semiconductive 
material. The gate 14 can be either directly 
coupled to the semiconductive channel 20, or can be 
coupled to the semiconductive channel 20 by an 
insulator (not specifically illustrated). 

The gate 14 is located at a binding site for 
receiving a molecular receptor 22. Preferably, the 
molecular receptor 22 is bound directly to the gate 
14, in which case the gate 14 supports or defines 
the binding site. Here, the molecular receptor 22 
can be bound to the gate 14 by a primer. More 
generally, the molecular receptor is electrically 
coupled to the gate 14 . 

In general, the molecular receptor 22 is 
selected in dependence upon a molecule 24 which is 
to be detected. The molecular receptor 22 
typically includes a biological or synthetic 
molecule that has a specific affinity to the 
molecule 24 to be detected. The molecular receptor 
22 can include a chain of at least one nucleotide 
which hybridizes with a complementary chain of at 
least one nucleotide included in the molecule. 
Here, for example, the molecular receptor 22 can 
include a DNA probe for detecting a corresponding, 
complementary DNA sequence in the molecule 24 . It 
is noted, however, that the scope of the invention 
is not limited to sensing the hybridization of DNA 
molecules. For example, embodiments of the present 
invention can be utilized to detect RNA 
hybridization and antibody-antigen binding events. 

The conductance between the source 16 and the 
drain 18 is modified by a charge associated with 
the molecule 24 when the molecule 24 binds with the 
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5 molecular receptor 22 . The binding of the molecule 

24 to the molecular receptor 22 is sensed by 
sensing a modified electrical characteristic of the 
transistor 12 which results from the charge 
associated with the molecule 24 being coupled to 

1 0 the gate 14 . 

The charge associated with the molecule 24 can 
be inherent in the molecule 24, such as the 
inherent charge in a DNA molecule. The charge 
associated with the molecule 24 may also result 

15 from a charged member 26 attached to the molecule 

24 . The charged member 26 is utilized to 
significantly enhance the magnitude of the charge 
associated with the molecule 24. If desired, 
substantially all of the charge associated with the 

20 molecule 24 can be provided by the charged member 

26. 

The charged member 26 can have the form of a 
charged bead attached to the molecule 24 . The 
charged bead can have a spherical form, with a 

25 diameter on the order of 0,1 to 1.0 p. If the 

molecule 24 includes a polymer chain, the charged 
member 26 can be attached to an end of the polymer 
chain using conventional primer techniques. This 
allows the charged member 26 to be attached to an 

30 end of a DNA molecule, for example. 

In another embodiment, the charged member 26 
is incorporated directly into the molecular 
structure of the molecule 24. For example, the 
charged member 26 can be incorporated directly into 

35 a DNA helix. 

It is noted that the use of the charged member 
26 is optional for the various embodiments of the 
present invention . 
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5 The transistor 12 can optionally include a 

second gate 28 which is utilized for sensing the 
modified electrical characteristic. Whereas the 
gate 14 is disposed on a first side of the 
semiconductive channel 20, the second gate 28 is 
10 disposed on a second side of the semiconductive 

channel 20. The second gate 28 can be utilized as 
a means of gain control and active feedback to 
improve the sensitivity of detecting the modified 
electrical characteristic. 
15 FIG. 2 is a flow chart of an embodiment of a 

method of sensing a binding of a molecule to a 
molecular receptor in a molecular detection 
apparatus. As indicated by block 30, the method 
includes a step of providing a transistor having a 
20 gate at a binding site in the molecular detection 

apparatus. This step can be performed by utilizing 
any of the various embodiments of a molecular 
detection apparatus as described herein. The 
molecular receptor is placed at the binding site 
25 defined by the gate of the transistor. 

As indicated by block 32, the method includes 
a step of sensing a modified electrical 
characteristic of the transistor which results when 
the molecule binds with the molecular receptor. 
30 The modified electrical characteristic results from 

a charge associated with the molecule being coupled 
to the gate of the transistor. 

The step of sensing the modified electrical 
characteristic of the transistor can be performed 
35 in a variety of ways. Two approaches, which 

reference the apparatus of FIG. 1, are illustrated 
by the flow charts in FIGS. 3 and 4. 

FIG. 3 is a flow chart of an embodiment of a 
method of sensing a modified electrical 
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5 characteristic of the transistor 12. As indicated 

by block 40, the method includes a step of biasing 
the transistor 12 in a predetermined manner prior 
to the binding of the molecule 24 with the 
molecular receptor 22. Here, a respective, 

10 predetermined voltage level is applied to each of 

the source 16 and the drain 18 of the transistor 
12. If the transistor 12 includes the second gate 
28, this step optionally includes a step of 
applying a predetermined voltage level to the 

15 second gate 28. 

As indicated by block 42, a step of measuring 
a first channel current between the source 16 and 
the drain 18 is performed prior to the binding of 
the molecule 24 with the molecular receptor 22. 

20 The first channel current results from the biasing 

of the transistor 12 performed in the previous 
step. 

After measuring the first channel current, the 
molecule 24 is allowed to hybridize or bind with 

25 the molecular receptor 22. As indicated by block 

44, the binding can be field-enhanced by performing 
a step of applying a first voltage to at least one 
of the gate 14, the source 16, and the drain 18. 
The first voltage is selected to generate an 

30 electric field which attracts the molecule 24 to 

the binding site. In a preferred embodiment, 
substantially all of this electric field is 
generated by a voltage applied to the gate 14 . 
After hybridization, an optional step of 

35 dehybridizing any unwanted molecules from the 

binding site can be performed. Specifically, as 
indicated by block 46, a step of dehybridization 
can be performed by applying a second voltage to at 
least one of the gate 14, the source 16, and the 
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drain 18. The second voltage is selected to 
provide an electric field which repels unwanted 
molecules from the binding site. The unwanted 
molecules can include non-bound molecules and 
partially-bound molecules, for example. 
Preferably, substantially all of this electric 
field is generated by a voltage applied to the gate 
14. 

As indicated by block 48, a step of re-biasing 
the transistor 12 is performed. Here, the 
transistor 12 is biased in the same predetermined 
manner as in the step indicated by block 40. 

As indicated by block 50, a step of measuring 
a second channel current between the source 16 and 
the drain 18 is performed after the binding of the 
molecule 24 with the molecular receptor 22. The 
second channel current results from the biasing of 
the transistor 12 performed in the previous step. 

The modified electrical characteristic is 
sensed by a step of detecting a difference between 
the first channel current and the second channel 
current, indicated by block 52. For example, the 
modified electrical characteristic may be 
determined when a difference between the first 
channel current and the second channel current is 
beyond a predetermined threshold. 

If desired, the voltage applied to the second 
gate 28 in the biasing steps indicated by blocks 40 
and 48 is selected to provide a gain control which 
improves the sensitivity of detecting a difference 
between the first channel current and the second 
channel current. 

FIG. 4 is a flow chart of another embodiment 
of a method of sensing a modified electrical 
characteristic of the transistor 12. As indicated 
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5 by block 60, the method includes a step of biasing 

the transistor 12 in a predetermined manner. Here, 
a respective, predetermined voltage level is 
applied to each of the source 16 and the drain 18. 
As indicated by block 62, a step of 

10 determining a voltage for the second gate 28 to 

produce a predetermined channel current is 
performed. The modified electrical characteristic 
is sensed by a step, indicated by block 64, of 
detecting a difference between a predetermined 

15 voltage level and the voltage determined in the 

above -described step. The predetermined voltage 
level can be, for example, a voltage which produces 
the predetermined channel current before 
hybridization. Hence, the modified electrical 

20 characteristic may be determined when the second 

gate voltage (post-hybridization) which produces 
the predetermined channel current is beyond a 
predetermined threshold. 

FIG. 5 is a schematic, block diagram of 

25 another embodiment of a molecular detection 

apparatus in accordance with the present invention. 
The molecular detection apparatus includes a first 
transistor 70, which acts as a sensing device, and 
a second transistor 72 which acts a switching 

30 device. The first transistor 70 has a gate 74, a 

source 76, and a drain 78. The gate 74 is located 
at a binding site for receiving a molecular 
receptor. A modified electrical characteristic of 
the first transistor 70 results when a molecule 

35 binds with the molecular receptor. 

The second transistor 72 selectively couples 
and uncouples the gate 74 of the first transistor 
70 with a voltage source 80 to selectively generate 
an electric field at the binding site. In the 
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5 illustrated embodiment, the second transistor 72 

includes a source 82 coupled to the voltage source 
80, and a drain 84 coupled to the gate 74 of the 
first transistor. The second transistor 72 further 
includes a gate 86 which receives an input signal 

l0 to selectively control an electrical coupling 

between the source 82 and the drain 84. Hence, the 
input signal controls a selective electrical 
coupling and uncoupling between the voltage source 
80 and the gate 74 of the first transistor 70. 

j 5 The voltage source 80 is applied between the 

source 82 of the second transistor 72 and a counter 
electrode 88. The counter electrode 88 is disposed 
at a location which is distant from the binding 
site. 

20 To generate an electric field at the binding 

site, the second transistor 72 is turned-on by 
applying an appropriate input signal to the gate 
86. In response to this input signal, the voltage 
source 80 becomes electrically coupled to the gate 

25 74 of the first transistor 70. Consequently, an 

electric field is generated at the gate 74. The 
polarity and magnitude of the electric field is 
dependent upon the polarity and magnitude of the 
voltage source 80. In general, the polarity and 

30 magnitude of the voltage source 80 is selected in 

dependence upon whether a hybridization step, a 
dehybridization step, or a screening step is to be 
performed. 

To perform a sensing or a detection step, the 
35 second transistor 72 is turned-off by applying an 

appropriate input signal to the gate 86. In 
response to this input signal, the gate 74 of the 
first transistor 70 becomes electrically uncoupled 
from the voltage source 80. Thereafter, any of the 
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5 herein-described approaches for sensing a modified 

electrical characteristic of the first transistor 
70 can be utilized to sense a molecule bound at the 
binding site. 

FIG. 6 is a schematic, block diagram of yet 

10 another embodiment of a molecular detection 

apparatus. This embodiment includes a first 
transistor 100, a second transistor 102, a voltage 
source 104, and a counter electrode 106 
interconnected as in FIG. 6. However, the first 

15 transistor 100 in this embodiment further includes 

a back gate 108. The back gate 108 is utilized as 
a means of gain control and/or active feedback to 
improve the sensitivity of detecting the modified 
electrical characteristic of the first transistor 

20 100. For example, the back gate 108 can be 

utilized in accordance with the method of FIG. 4 to 
sense the modified electrical characteristic. 

FIG. 7 is a schematic, block diagram of a 
further embodiment of a molecular detection 

25 apparatus in accordance with the present invention. 

This embodiment utilizes a first sensing transistor 
110 and a second sensing transistor 112 coupled to 
form a differential pair. The first sensing 
transistor 110 has a gate 114, a source 116, and a 

30 drain 118. The second sensing transistor 112 has a 

gate 120, a source 122, and a drain 124. The 
source 116 is coupled to the source 122 to form the 
differential pair. 

The gate 114 of the first sensing transistor 

35 110 is located at a first binding site for 

receiving a first molecular receptor. The gate 120 
of the second sensing transistor 112 is located at 
a second binding site for receiving a second 
molecular receptor. To perform differential 
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5 hybridization and sensing thereof, the first 

binding site and the second binding site receive 
like molecular receptors. 

A first switching transistor 126 includes a 
gate 128, a source 130, and a drain 132. A voltage: 

10 source 134 is applied between the source 130 and a 

counter electrode 136 located distant from the 
first binding site. The drain 132 is coupled to 
the gate 114 of the first sensing transistor 110. 
Based upon an input signal applied to the gate 128, 

15 the first switching transistor 126 selectively 

couples and uncouples the gate 114 of the first 
sensing transistor 110 with the voltage source 134 . 
As a result, an electric field can be selectively 
generated at the first binding site. 

20 A second switching transistor 140 includes a 

gate 142, a source 144, and a drain 146. A voltage 
source 148 is applied between the source 144 and a 
counter electrode 150 located distant from the 
second binding site. It is noted that the counter 

25 electrodes 136 and 150 can comprise separate 

electrodes or can comprise a single electrode. 

The drain 14 6 is coupled to the gate 120 of 
the second sensing transistor 112. Based upon an 
input signal applied to the gate 142, the second 

30 switching transistor 140 selectively couples and 

uncouples the gate 120 of the second sensing 
transistor 112 with the voltage source 148. As a 
result, an electric field can be selectively 
generated at the second binding site. ' 

35 To generate electric fields at the first 

binding site and the second binding site, the first 
switching transistor 126 and the second switching 
transistor 140 are turned-on by applying 
appropriate input signals to the gates 128 and 142. 
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The first switching transistor 126 and the second 
switching transistor 140 can be turned-on either 
substantially simultaneously or sequentially. The 
polarity and magnitude of the electric fields are 
dependent upon the polarity and magnitude of the 
voltage sources 134 and 142. 

To enhance a differential hybridization event 
between the first binding site and the second 
binding site, the magnitudes of the voltage sources 
134 and 142 are selected to differ by a voltage 
differential. If molecules having an affinity to 
the molecular receptors at the first binding site 
and the second binding site are applied to the 
apparatus, the voltage differential leads to an 
increased number of molecules bound to molecular 
receptors at one of the two binding sites. 

A binding event can be detected by, first, 
applying appropriate input signals to the gates 128 
and 142 to turn-off the first switching transistor 
126 and the second switching transistor 140, As a 
result, the gates 114 and 120 become uncoupled with 
the voltage sources 134 and 142. The first 
switching transistor 126 and the second switching 
transistor 140 can be turned-off either 
substantially simultaneously or sequentially. 

Next, a difference in a predetermined 
electrical characteristic between the first sensing 
transistor 110 and the second sensing transistor 
112 is sensed to detect the differential 
hybridization. The differential hybridization is 
detected when the difference is beyond a 
predetermined threshold. 

In one embodiment, the differential pair 
formed by the first sensing transistor 110 and the 
second sensing transistor 112 is biased to detect a 
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difference in the channel conductance which results 
from the differential hybridization. The 
difference in channel conductances causes a 
difference in channel currents in the differential 
pair. In "general, the differential pair provides a 
signal, such as a voltage or a current, indicative 
of a. differential hybridization event. 

Optionally, the first sensing transistor 110 
includes a back gate 152, and the second sensing 
transistor 112 includes a back gate 154. Here, the 
differential hybridization event can be detected by 
detecting a non-zero offset voltage which, when 
applied between the back gates 152 and 154, 
produces equal channel currents for the first 
sensing transistor 110 and the second sensing 
transistor 112. The differential hybridization 
event is sensed when the offset voltage is beyond a 
predetermined threshold. 

The embodiment of FIG. 7 can be modified to 
eliminate the use of the counter electrodes 136 and 
150. Such a modification is illustrated in FIG. 8. 

FIG. 8 is a schematic, block diagram of a 
still further embodiment of the present invention. 
This embodiment includes a first sensing transistor 
160, a second sensing transistor 162, a first 
switching transistor 164, and a second switching 
transistor 166 as in FIG. 7. However, a voltage 
source 168 is applied between a source 170 of the 
first switching transistor 164 and a source 17 2 of 
the second switching transistor 166. The magnitude 
of the voltage generated by the voltage source 168 
provides the voltage which leads to an increased 
number of molecules bound to molecular receptors at 
one of the two binding sites. 
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5 FIG . 9 is a flow chart summarizing steps 

performed for enhancing and sensing a differential 
binding event. As indicated by block 180, the 
method includes a step of providing a first sensing 
transistor having a gate which supports a first 

10 binding site. As indicated by block 182, the 

method includes a step of providing a second 
sensing transistor having a gate which supports a 
second binding site. The first binding site and 
the second binding site receive like molecular 

1 5 receptors . 

As indicated by block 184, a step of applying 
a differential voltage between the gate of the 
first sensing transistor and the gate of the second 
sensing transistor is performed to field-enhance 

20 the differential binding event. As illustrated in 

FIGS. 7 and 8, the differential voltage can be 
applied using either a single voltage source or two 
voltage sources . 

As indicated by block 186, the differential 

25 binding event is sensed by a step of sensing a 

difference in an electrical characteristic between 
the first sensing transistor and the second sensing 
transistor. This step can include sensing a 
difference in channel conductances or channel 

30 currents between the first sensing transistor and 

the second sensing transistor. Alternatively, this 
step can include a step of detecting a non-zero 
offset voltage which, when applied to between back 
gates of the first and second sensing transistors/ 

35 produces equal channel currents. 

Although illustrated in terms of a single 
molecular receptor at the binding site, it is noted 
that embodiments of the present invention are 
typically utilized with a plurality of like 
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5 molecular receptors located at the binding site. 

Here, the plurality of like molecular receptors are 
utilized for detecting a predetermined molecular 
structure in a sample of target molecules. 

Further, it is noted that embodiments of the 

10 present invention typically have an array of 

binding sites for detecting different molecular 
structures within a sample of target molecules. 
Here, each binding site has a sensing transistor 
and, optionally, a switching transistor associated 

15 therewith. The plurality of transistors which form 

such a molecular detection apparatus can all be 
integrated with a single substrate using TFT or 
MOSFET technologies, for example. 

It is also noted that any suitable switching 

20 device capable of selectively coupling and 

uncoupling a pair of terminals based upon a signal 
received at a control input can be substituted for 
any of the switching transistors described herein. 
Thus, there has been described herein a 

25 concept, as well as several embodiments including 

preferred embodiments of a transistor-based 
molecular detection apparatus and method. 

Because the various embodiments of the present 
invention detect a binding event by sensing a 

30 charge associated with a target molecule, they 

provide a significant improvement in that a 
transistor integrated in the molecular detection 
apparatus can be utilized to electronically detect 
the target molecule. To improve detection, the 

35 charge associated with the target molecule can be 

enhanced by attaching a charged bead to the target 
molecule . 

Additionally, the various embodiments of the 
present invention as herein-described utilize the 
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5 gate in the transistor to perform field- assisted 

hybridization and dehybridization . 

Further, a pair of transistors can be utilized 
to enhance and sense a differential hybridization 
event. This configuration is beneficial in 
10 eliminating the requirement of a counter electrode. 

It will be apparent to those skilled in the 
art that the disclosed invention may be modified in 
numerous ways and may assume many embodiments other 
than the preferred form specifically set out and 
15 described above. 

Accordingly, it is intended by the appended 
claims to cover all modifications of the invention 
which fall within the true spirit and scope of the 
invention . 
20 What is claimed is: 
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5 Claims 

1. A method of sensing a binding of a 
molecule with a molecular receptor at a binding 
site in a molecular detection apparatus, the method 

10 comprising the steps of: 

providing a first sensing transistor having a 
gate, a source, a drain, and a semiconductive 
channel which electrically couples the source to 
the drain, the gate located at the binding site so 

15 that a conductance between the source and the drain 

is modified by a charge associated with the 
molecule when the molecule binds to the molecular 
receptor; and 

sensing a modified electrical characteristic 

20 of the first sensing transistor which results from 

the charge associated with the molecule when the 
molecule binds with the molecular . receptor . 

2. The method of claim 1 wherein the step of 
25 sensing the modified electrical characteristic of 

the first sensing transistor includes: 

measuring a first channel current prior to 
binding of the molecule with the molecular 
receptor; 

30 measuring a second channel current after 

binding of the molecule with the molecular 
receptor; 

detecting a difference between the first 
channel current and the second channel current. 



35 



3. The method of claim 1 further comprising 
at least one of the steps of generating an electric 
field to enhance hybridization by applying a 
voltage to the gate, generating an electric field 
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to dehybridize the molecule by applying a voltage 
to the gate, and providing a second sensing 
transistor having a gate which supports a second 
binding site, wherein the binding is sensed by a 
difference in an electrical characteristic between 
the first sensing transistor and the second sensing 
transistor. 



4 . The method of claim 1 wherein a second 
sensing transistor is electrically connected with 
the first sensing transistor to form a differential 
pair. 



20 



25 



30 



35 



5. The method of claim 4 wherein the binding 
is sensed by detecting a difference in channel 
currents between the first sensing transistor and 
the second sensing transistor. 

6. A molecular detection apparatus 
comprising: 

a first sensing transistor having a gate, a 
source, a drain, and a semiconductive channel which 
electrically couples the source to the drain, the 
gate supporting a first binding site for receiving 
a molecular receptor; 

wherein a conductance between the source and 
the drain is modified by a charge associated with a 
molecule which binds to the molecular receptor, and 
wherein binding of the molecule to the molecular 
receptor is sensed by a modified electrical 
characteristic of the first sensing transistor 
resulting from the charge associated with the 
molecule . 
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7. The apparatus of claim 6 wherein at least 
a portion of the charge associated with the 
molecule is from a charged member attached to the 
molecule . 

8. The apparatus of claim 6 further 
comprising a switching device which selectively 
couples and uncouples the gate with a voltage 
source to selectively provide electric field 
enhancement at the binding site. 

9. The apparatus of claim 6 further 
comprising a second sensing transistor having a 
gate which supports a second binding site, wherein 
the binding is sensed by a difference in an 
electrical characteristic between the first sensing 
transistor and the second sensing transistor 

10. The apparatus of claim 9 wherein the 
second sensing transistor is electrically connected 
with the first sensing transistor to form a 
differential pair. 
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